Graphene nanoribbons based electronic devices present many interesting physical properties. We designed and investigated the spin-dependent electron transport of a device configuration, which is easy to be fabricated, with an oxygen-terminated ZGNR central scatter region between two hydrogen-terminated ZGNR electrodes. According to the analysis based on non-equilibrium Green's function and density functional theory, the proposed device could maintain its good spin-filter performance (80% to 99%) and have a stable magneto resistance value up to 10 5 %. The spin dependent electron transmission spectrum and space-resolve density of states are employed to investigate the physical origin of the spin-polarized current and magneto resistance.
Graphene nanoribbons based electronic devices present many interesting physical properties. We designed and investigated the spin-dependent electron transport of a device configuration, which is easy to be fabricated, with an oxygen-terminated ZGNR central scatter region between two hydrogen-terminated ZGNR electrodes. According to the analysis based on non-equilibrium Green's function and density functional theory, the proposed device could maintain its good spin-filter performance (80% to 99%) and have a stable magneto resistance value up to 10 5 %. The spin dependent electron transmission spectrum and space-resolve density of states are employed to investigate the physical origin of the spin-polarized current and magneto resistance. G raphene and derived nanostructures have been attracting intensive interest recently because of their unique electronic properties and great potential for future device applications [1] [2] [3] . Among these graphene derivatives, graphene nanoribbons (GNRs) that can be produced by many experimental techniques, such as unzipping carbon nanotubes (CNT) 4, 5 and the lithography 6, 7 , presenting many interesting physical properties, such as spin-filter [8] [9] [10] and spin-valve [10] [11] [12] [13] . GNRs are good candidates for spintronic devices due to its high carrier mobility and long spin-relaxation times. According to the geometry, GNRs are divided into two categories: armchair graphene nanoribbon (AGNR) and zigzag graphene nanoribbon (ZGNR). Only two thirds of AGNRs with different width are semiconducting, while ZGNRs are metallic due to zero band gap. Son et al. 14 , have demonstrated that graphene nanoribbons with zigzag edges can be made to carry a spin current in the presence of a sufficiently large electric field. The atomic arrangement along the edges of the ribbons plays an important role in GNRs. Due to the fact that states near the Fermi level are derived from the edge states, the manipulation of edge atoms or the geometry can effectively modify the quasi-one-dimensional spin transport properties.
Hydrogen termination of the carbon edge atoms by forming strong s bonds would be important for structural and electronic stability of the graphene ribbon for removing the influence of the dangling bonds. And Hydrogenterminated Graphene ribbons can be achieved by exposing the ribbon to hydrogen plasma. On the other hand, during standard GNR fabrication processes, it is also easy to oxidize the ribbon edges 4, 15 . With the combination of hydrogen atoms and oxygen atoms termination, it provides another possibility to alter the spin transport properties of GNRs.
In this work, we study the spin-dependent electron transport of a device configuration with an oxygenterminated ZGNR central scatter region between two hydrogen-terminated ZGNR electrodes. It is reported that spin polarized electrons can be injected into graphene plane and if the transport condition of the opposite spin in the ribbon's channel has large differences, the device could be operated as a spin filter. According to the current calculation of our proposed device model, the spin filter ratio can be up to 100% under a low bias voltage and the magneto-resistance can be up to 10 5 %. This finding may provide us a way for using ZGNRs as a perfect spin-filter simply by hydrogenating and oxidizing their edge carbon atoms. device edge. This graphene ribbon spin filter can be fabricated by toptown process by two-step e-beam nanolithography. The width of graphene ribbon can be defined as 4 nm narrow and 8 nm channel length. The perfect spin-filter performance is still kept according to the following calculation. Fig. 2 displays the spin-dependent current as a function of applied bias for 2-ZGNR and 8-ZGNR device model in parallel/anti-parallel spin-configuration. The parallel (anti-parallel (AP)) spin configuration could be achieved by setting spin orientations of two leads in the same (opposite) direction. The manipulation of the spin configuration of graphene nanoribbon has been achieved experimentally by applying external magnetic fields 16 . As can be seen, both in the 2-ZGNR and 8-ZGNR cases, the down spin current in parallel (P) configuration is increasing along with the increase of the bias voltage and has a metallic behavior. While the up spin current is much smaller than the down spin current. For the condition that two electrodes are set in AP configuration, there is no significant difference between the up and down spin current and the magnitude of the current is not comparable to the P configuration. This indicates that the oxygen-terminated ZGNR can be used as a perfect spin-filter and spin-valve.
Results
The calculated spin-dependent electron transmission spectra for 2-ZGNR and 8-ZGNR (W 5 6, L 5 12) are shown in Fig. 3(a)-3(d) . In Fig. 3(a) and 3(c) , the spin orientations of the leads are set parallel while those in Fig. 3 (b) and 3(d) are set to be anti-parallel. From Fig. 3(b) and 3(d) , we can see that there is no spin-polarization between spin up state and spin down states both in 2-ZGNR and 8-ZGNR if the spin orientations of two leads are in anti-parallel alignment. However, the spin-dependent transmission spectrum has a huge difference around Fermi level in Fig. 3(a) and 3(c) . The spin-up current transmission is blocked in the vicinity of Fermi level in P spin configuration. While the transmission coefficient of the spin-down current has a relatively larger value. It indicates the occurrence of spin-polarization in P configuration.
Discussion
The occurrence of spin polarization in parallel configuration could be understood through an investigation of the space-resolved local density of states (LDOS) for 8-ZGNR with different spin orientations at the Fermi level. Fig. 4(a) and 4(b) show the spin-up and spin-down LDOS of 2-ZGNR in P configuration. While the spin-up and spindown LDOS of 2-ZGNR in AP configuration are shown in Fig. 4(c)  and 4(d) . From the comparison of Fig. 4(a) and 4(b) , we can see that the edge oxygen atoms play a critical role in the density of states distribution of electrons with different spin direction at central scatter region. As shown in Fig. 4(b) , the p-orbital concentrate on carbon atoms under oxygen-terminated line. The overlap fully opens a channel for p electrons to go through easily. While in Fig. 4(a) , the transmission channels are nearly absent for spin-up electrons. However, as shown in Fig. 4 (c) and 4(d), LDOS conditions for two different spin-orientation electrons are nearly the same in AP configuration. Further investigations indicate that the transportation of electrons in AP configuration is dominated by band selection rule between the two hydrogen-terminated GNR electrodes. Fig. 5(a) and 5(b) show the band structure of the left lead and right lead under zero bias. A certain spin direction electron can only transport from p*(p) state at the left lead to the same spin direction p*(p) state at the right lead. In Fig. 5(a) and 4(b) , the blue (green) overlap indicates transmission gap of the up (down) spin electrons. The existence of transmission gap consists with the Fig. 3(b) .
The spin current polarization can be calculated by the equation:
where I up(down) is up (down) spin current for the same spin orientation configuration. The obtained current is then used to calculate the magneto-resistance (MR) using the following equation:
where I P and I AP are the sum of spin up current and spin down current in the antiparallel and parallel configurations for the two electrodes.
As shown in Fig. 6 , we investigate the spin current polarization and magnetoresistance (MR) as a function of the oxidation level of the scatter region. The inset in Fig. 6(a) and Fig. 6(b) are the spin polarization and MR of 8-ZGNR as a function of bias voltage. In our case, the oxidation level can be simply represented by N which is defined as the number of oxygen atoms along single side of the ZGNR (W 5 6, L 5 12). 0-ZGNR (12-ZGNR) means all edge carbon atoms are terminated by hydrogen (oxygen) atoms. 0-ZGNR device configuration has a large MR value (6.8 3 10 5 %) under small bias but has no spin polarization effect. On the other hand, both spin polarization and MR value of the fully edge oxidized 12-ZGNR are small. For a large range of oxidization level between these two extreme conditions, the proposed devices could maintain their good spin-filter performance (80% to 99%) and have a stable magneto resistance value (10 4 % to 10 5 % under small bias). This allows us to fabricate a high performance spin-filter and spin-valve device without precise controlling of the oxidization level.
In summary, we investigated the spin-dependent electron transport of a device configuration with an oxygen-terminated ZGNR central scatter region between two hydrogen-terminated ZGNR electrodes. The parallel (anti-parallel) spin configuration could be achieved by setting spin orientations in two leads same (opposite). The transportation of electrons through the device is blocked in AP configuration and for up spin direction in P configuration. This means the N-ZGNR is insulating under these conditions. However, the proposed devices can transform to the metallic behavior for down spin electrons in P configuration. As calculated, these devices show a high spin polarization ratio and a considerable large MR value in a broad range of oxidization level. Our study provides a way for fabricating a perfect spin filter and a spin valve with the combination of the hydrogenation and oxidization of ZGNR edge atom.
Methods
Our calculations were carried out by using ab initio software package, ATK 17, 18 , which is based on fully self-consistent non-equilibrium Green's function (NEGF) and density functional theory (DFT). The Perdew-Zunger exchange and correlation functional with the spin-polarized local density approximation (LDA) is used. A cutoff energy of 150 Ry and a Monkhorst-Pack k-mesh of 1 3 1 3 100 are chosen and single-f polarized basis set is adopted for electron wave function.
The spin-dependent current through central scattering region is calculated using Landauer-Buttiker formula 19, 20 : (E, V b ) is the spin-resolved transmission coefficient at energy E and bias voltage V b . The energy region of the transmission spectrum that contributes to the current is referred to as the bias window.
